Abstract. The experiment was designed to study allelopathic effect of Rhazya stricta Decne. against selected weeds of wheat crop by using aqueous, hexane and methanolic extracts on filter paper and soil. The germination percentage, radicle length and plumule length were observed. The results revealed that R. stricta methanolic extract showed the highest degree of seed germination percentage inhibition of C. album, P. minor and R. dentatus with 47%, 43% and 42%, respectively in soil, and minimum germination for C. album (53%). The same extract caused significant radical length reduction of R. dentatus and A. fatua measuring 51% and 50%, respectively. The highest degree of inhibition in plumule length was measured for A. fatua and R. dentatus with 55% and 34%, respectively by R. stricta methanolic extract. Based on the results, it can be concluded that R. stricta showed good allelopathic activity that may be used in future herbicide screening program to launch in the market.
Introduction
Weeds are regarded as a major problem in agricultural productivity of various crops globally. For controlling weeds, synthetic chemicals (weedicides) are used which possess negative effect on human health and cause environmental pollution (Dallali et al., 2017 ) that augments to develop alternate weed management strategies (Thi et al., 2008) . Allelopathy offers an important strategy for biological weed management (Arora et al., 2015) by production and release of chemical substances from leaves, flowers, seeds, stems or roots of plants which ultimately affect growth and development of other plants (Delcour et al., 2015) . The most auspicious scheme to replace synthetic herbicides is to use environmental friendly natural chemical plant products. The synthesis of biochemical based on natural plant products and management of the allelopathy towards improvement http://www.aloki.hu • ISSN 1589 1623 (Print) • ISSN 1785 0037 (Online) DOI: http://dx.doi.org/10.15666/aeer/1605_54055421  2018, ALÖKI Kft., Budapest, Hungary of crop productivity are the major areas that has gained attention of allelopathy research (Chon et al., 2005) . The phytotoxic potential of these biologically active substances is widely searched by using highly advanced procedures for chemical identification (Dayan et al., 2000) . Rhazya stricta Decne., is an evergreen medicinal shrub of the family Apocynaceae distributed abundantly across Western and South Asia (Sabir et al., 2016) . In Pakistan, it is commonly reported from Salt Range as well as periphery of District Khushab, Punjab, Pakistan (Qureshi et al., 2011) . This plant has various ethno-medicinal values which may be attributed due to the presence of various phytochemicals in the plant. R. stricta invades and has deteriorated rangelands and have harmful effects on the growth and development of various plants by causing reduced seed germination (Ebid, 2016) . Several alkaloids, glycosides, triterpenes, tannins and volatile compounds are present in the leaves of R. stricta (Khan et al., 2011) . It has been reported to develop an ecological hazard such as autotoxicity to other plants due to presence of allelopathic potential (Alqarawi et al., 2018) . So, it was assumed that due to presence of some chemicals R. stricta could be employed in biological weed management strategies. The aim of the present study was to explore the possible allelopathic potential of different leaf extracts of R. stricta on seed germination and seedling growth of selected weed species.
Materials and methods

Collection and processing of R. stricta
This research was carried out at Plant Physiology Laboratory, Department of Botany, Pir Mehr Ali Shah Arid Agriculture University, Rawalpindi (PMAS-AAUR), Pakistan. The mature leaves of R. stricta were collected from district Bahawalpur (73°15′12″ E longitude and 29°59′55″ N latitude, 159 m above sea level), Punjab, Pakistan and washed for several times under running tap water to remove dust following the methodology of Manimegalai et al. (2012) and Omar and Almaghrabi (2008) . The same were dried in blotting paper for 4 weeks under shade at room temperature (20-25 °C) . These were crushed using heavy duty blender (waring Lab.) to make fine powder (500 g), passed through mesh of 2 mm size and kept in air tight plastic zip lock bags separately at 4 °C (Anwar et al., 2013) .
Procurement and surface sterilization of test species seeds
Seeds of monocotyledonous (Phalaris minor, Avena fatua) and dicotyledonous weeds (Chenopodium album, Euphorbia helioscopia and Rumex dentatus) were collected since all these are sensitive to herbicide (Shahid et al., 2006) . These weeds are reported to be the most densely populated weeds of wheat crop (Qureshi et al., 2009 ). Wheat seeds were procured from the Barani Agricultural Research Institute (BARI), Chakwal (72.7211° E longitude and 32.9309° N latitude). Seeds were surface sterilized with 2% (w/v) solution of Sodium hypochlorite (NaOCl) for 5-8 min. After disinfection, these seeds were washed several times with distilled water (Biljana and Kragujevac, 2015; Anwar et al., 2016) .
Studied parameters
Three growth parameters were used for screening allelopathic potential (Anwar et 
Aqueous extract preparation
An aliquot (10 g) of dried leaf powder of R. stricta was soaked in 100 ml distilled water in a flask and agitated at room temperature (20-25 °C) for 24 h on an orbital shaker (160 rpm). The extract was strained through muslin cloth and finally filtered through Whatman filter paper No. 1. Aqueous extract was obtained as filtrate of the mixture and final volume was attuned to 100 ml giving 10% water extract. This stock solution was then diluted with distilled water to prepare the different concentration of the extract i.e. T 1 (100%), T 2 (75%), T 3 (50%) after Sahu and Devkota (2013) . Distilled water (0%) was used as control and indicated as T 4 . The extract was stored at 4 °C in pre-disinfected flasks. To evade adulteration and forthcoming chemical modifications, the extracts were ensured to be used within 3-4 days (Anwar et al., 2017 a, b).
Hexane extract preparation
An aliquot (300 g) of dried leaf powder of R. stricta was mixed with hexane (2 L) repeated three times for 6 h on shaker. This extract was filtered, concentrated and dried over a rotary evaporator in pre-weighed flask. The obtained residue was 6.14 g. The stock solution was then diluted with hexane to prepare three concentrations i.e. T 1 (100%), T 2 (75%), T 3 (50%) and T 4 (0% control). These stored at 4 °C in pre-sterilized flasks (Sahu and Devkota, 2013) .
Methanolic extract preparation
The defatted marc (after hexane extraction), was again placed on shaker with methanol (2 L) repeated three time for 6 h on shaker. This extract was filtered, concentrated, and dried over a rotary evaporator in pre-weighed flask. The obtained residue was 25.29 g. The stock solution was than diluted with methanol to prepare three concentrations i.e. T 1 (100%), T 2 (75%), T 3 (50%) and T 4 (0% control). These stored at 4 °C in pre-sterilized flasks (Sahu and Devkota, 2013) .
Bioassay techniques
An aliquot (15 ml) of R. stricta extract was added to 25 g soil per Petri dish and 5 ml extract was added to filter paper in per Petri dish; while distilled water, hexane and methanol used as control in aqueous, hexane and methanolic extracts, respectively. Ten seeds of selected test species were sown in per Petri dish. Each treatment was replicated for five times. The Petri dishes were wrapped with squash tape, enclosed with Aluminium foil and incubated in the growth chamber (NTS Model MI-25S) at room temperature (20-25 °C) for 15 days. The data on germination percentage, radical length (cm) and plumule length (cm) were recorded and calculated of each test species by comparing with control (Khan et al., 2008) .
Statistical analysis
A completely randomized design (CRD) was used for the experiment. The statistical analysis was done by using STATISTIX 9 and means were separated by using Fisher's protected LSD test (Nekonam et al., 2014 
Results
Allelopathic potential of R. Stricta aqueous extract
Germination percentage
The results revealed that R. stricta aqueous extract significantly inhibited germination of C. album (35%), followed by R. dentatus (32%) and P. minor (31%) on filter paper (Table 1) ; whereas, no significant effect on germination percentage was recorded for T. aestivum, A. fatua and E. helioscopia. On the soil, R. stricta aqueous extract also significantly inhibited seed germination of R. dentatus (50%), followed by C. album (45%) and P. minor (47%) compared to control (Tables 1 and 2 ). In the case of filter paper and soil, minimum germination percentage was noted for R. dentatus (50%) and C. album (55%), respectively. It has been noted that maximum germination percentage reduction of the C. album, R. dentatus and P. minor was accomplished at 100% concentration revealing concentration dependent (Fig. 1a) . Means followed by different letters within one column differ significantly at (P < 5%) *Significant at (P < 1%) Means followed by different letters within one column differ significantly at (P < 5%) *Significant at (P < 1%)
Radical length
The data revealed that the highest radical length inhibition activity was exhibited by R. dentatus (44%) and A. fatua (40%) in R. stricta aqueous extract on filter paper. Likewise, extract on soil caused significant radical length reduction of R. dentatus (48%) followed by A. fatua (45%) as compared to control. The data suggested that radical length of C. album, P. minor, E. helioscopia and T. aestivum remained unaffected. The results also illustrated that minimum radical length was noted for A. fatua (56%) and R. dentatus (52%) on filter paper and soil, respectively. The final data concluded that maximum radical length (97%) was noted for C. album, P. minor, E. helioscopia and T. aestivum (Tables 3 and 4 ). The results revealed that allelopathic inhibitory effect was concentration dependent for R. dentatus and A. fatua (Fig. 1b) . Means followed by different letters within one column differ significantly at (P < 5%) *Significant at (P < 1%) 
Figure 1. Allelopathic potential of R. stricta aqueous extract against test species on filter paper (FP) and soil (S) on: (a) germination percentage (b) radical length (c) plumule length Plumule length
The experimental results of the current study indicated that aqueous extract of R. stricta significantly inhibited the plumule length of T. aestivum (51%), A. fatua (28%) and R. dentatus (27%) as compared to control, on filter paper. Interestingly, there was no significant effect on plumule elongation of P. minor, E. helioscopia and C. album. The statistical study recommended that R. stricta aqueous extract significantly inhibited plumule length of T. aestivum (53%), A. fatua (32%) and R. dentatus (30%) in soil. The statistical data concluded that minimum plumule length was noted for T. aestivum i.e. 49% and 47% on filter paper and soil, respectively (Tables 5 and 6). The statistical figures also proposed that maximum plumule length (96%) was noted for P. minor, E. helioscopia and C. album (Fig. 1c) . Means followed by different letters within one column differ significantly at (P < 5%) *Significant at (P < 1%)
Allelopathic potential of R. stricta hexane extract
Germination percentage
There was significant reduction of germination of C. album (42%), R. dentatus (45%) and P. minor (41%) as compared to control on filter paper, whereas, no significant effect was observed on the germination of T. aestivum, A. fatua and E. helioscopia showing resistance to the allelopathic effect. Similarly, the highest seed germination inhibition was noted for C. album (51%), P. minor (50%) and R. dentatus (51%) by incorporation of R. stricta hexane extract into soil. It was experiential that the maximum (97%) germination noted for T. aestivum, A. fatua and E. helioscopia. In the present study, minimum germination was noted for R. dentatus (65%) and C. album (49%) on filter paper and soil, respectively (Tables 7 and 8) . The statistics also recommended that allelopathic inhibitory effect was concentration dependent for C. album, P. minor and R. dentatus with concentration increase, suppression potential was gradually enhanced (Fig. 2a) . 
Radical length
The statistical data concluded that the highest radical length inhibition activity was exhibited by R. dentatus (44%) and A. fatua (40%) in R. stricta hexane extract on filter paper. Similarly, hexane extract on soil caused significant reduction in radical length of R. dentatus (51%) and A. fatua (50%) compared to control, while T. aestivum, P. minor, E. helioscopia and C. album remained unaffected. The results also illustrated minimum radical length for R. dentatus i.e. 46% and 49% on filter paper and soil, respectively (Tables 9 and 10) . The maximum radical length (96%) was noted for T. aestivum, P. minor, E. helioscopia and C. album (Fig. 2b) . Means followed by different letters within one column differ significantly at (P < 5%) *Significant at (P < 1%)
Plumule length
The R. stricta hexane extract significantly inhibited the plumule length of T. aestivum (51%), A. fatua (29%) and R. dentatus (27%) on filter paper. Interestingly, there was no significant effect on plumule elongation of P. minor, E. helioscopia and C. album. Likewise, R. stricta hexane extract significantly inhibited plumule length of T. aestivum (58%), A. fatua (34%) and R. dentatus (34%) in soil. The statistical data concluded that minimum plumule length was noted for T. aestivum i.e. 49% and 42% on filter paper and soil, respectively (Tables 11 and 12) that maximum plumule length (95%) was noted for P. minor, E. helioscopia and C. album (Fig. 2c) . Means followed by different letters within one column differ significantly at (P < 5%) *Significant at (P < 1%)
Allelopathic potential of R. stricta methanolic extract
Germination percentage
The methanolic extract of R. stricta significantly inhibited germination of P. minor (49%), R. dentatus (48%) and C. album (47%) on filter paper, whereas, no significant effect was noted on the germination of T. aestivum, A. fatua and E. helioscopia showing resistance against extract. Similarly, the same extract significantly suppressed seed germination of C. album and R. dentatus (51% each), followed by P. minor (50%) on soil. It was noted that maximum (95%) germination was observed for T. aestivum, A. fatua and E. helioscopia. Besides, minimum germination was noted for P. minor i.e. 51% and R. dentatus (49%) on filter paper and soil, respectively (Tables 13 and 14) . The results revealed that germination reduction of the C. album, P. minor and R. dentatus was concentration dependent (Fig. 3a) . http Means followed by different letters within one column differ significantly at (P < 5%) *Significant at (P < 1%)
stricta methanolic extract against test species on filter paper (FP) and soil (S) on: (a) germination percentage (b) radical length (c) plumule length
Radical length
The methanolic extract significantly inhibited radical length for R. dentatus (45%) and A. fatua (44%) on filter paper, whereas, no significant effect was noted for T. aestivum P. minor, E. helioscopia and C. album showing resistance against extract. Similarly, the applications of extract into soil significantly suppressed radical length of R. dentatus (51%) and A. fatua (50%) as compared to control. The maximum (96%) radical length was observed for T. aestivum P. minor, E. helioscopia and C. album (Tables 15 and 16 ). The final data concluded that minimum radical length was noted for R. dentatus i.e. 55% and 49% on filter paper and soil, respectively (Fig. 3b) . Means followed by different letters within one column differ significantly at (P < 5%) *Significant at (P < 1%) 
Plumule length
Analysis of the data revealed that R. stricta methanolic extract significantly suppressed the plumule length of T. aestivum (55%), A. fatua (33%) and R. dentatus (28%) as compared control on filter paper. Interestingly, there was no significant effect on plumule elongation of P. minor, E. helioscopia and C. album. Likewise, R. stricta methanolic extract significantly inhibited plumule length of T. aestivum (58%), A. fatua (35%) and R. dentatus (34%) in soil. The statistical data concluded that minimum plumule length was noted for T. aestivum i.e. 45% and 42% on filter paper and soil, respectively (Tables 17 and 18) . The statistical figures also proposed that maximum plumule length (96%) was noted for P. minor, E. helioscopia and C. album (Fig. 3c) . Means followed by different letters within one column differ significantly at (P < 5%) *Significant at (P < 1%)
Discussion
This study was aimed at investigating allelopathic potential of R. stricta by using various solvent (i.e. aqueous, methanolic, hexane) leaf extracts against selected noxious weeds of wheat crop. The germination percentage, radicle length and plumule length were observed. The results revealed that all plant extracts showed significant allelopathic activity, however, the same was varied from species to species as well as solvents. Overall, methanolic extract showed the highest degree of seed germination http://www. (Tables 1 and 2) . The results revealed that germination percentage reduction of the C. album, R. dentatus and P. minor was concentration dependent (Fig. 1a) . As far as radical length is concerned, the aqueous extract had significantly affected radical length for R. dentatus and A. fatua (Tables 3 and 4) . The results revealed that allelopathic inhibitory effect was concentration dependent for R. dentatus and A. fatua (Fig. 1b) . The current study indicated that aqueous extract of R. stricta significantly inhibited the plumule length of A. fatua and R. dentatus as compared to control, on filter paper as well as on soil (Tables 5 and 6) . The results agree with that of Khan et al. (2011) who reported germination inhibition of Zea mays by stem aqueous extracts of R. stricta, while plumule and radical growth was significantly decreased by aqueous leave extract. Like the present investigation, the later study also revealed that the inhibitory effects were directly proportional to the extract concentration. In another study, leaf extracts of R. stricta significantly inhibited germination percentage and decreased plumule and radical length of seedlings of Vicia faba, Hordeum vulgare and Triticum aestivum (Ebid, 2016) . Aqueous extracts from the leaves of R. stricta significantly reduced germination and growth of Salsola villosa by hampering functioning of the membrane and photosynthetic capacity due to reduced synthesis of chlorophyll pigments (Alqarawi et al., 2018) .
R. stricta leaf aqueous extract owed to some toxic factors of the extract. Noteworthy, there was variation among the test treatments of different concentrations of R. stricta extract and control. There was significant morphological variation in the radical and plumule elongation of the tested weeds that may be attributed due to the presence of various allelochemicals in plant extract. Allelopathic interaction more effectively inhibited growth on soil in contrast to filter paper (Hegazy and Fadl-Allah, 1995; ElKhatib, 2000). These findings agreed with those of Migahid and El-khazan (2002), who studied the allelopathic effect of Zygophyllum aqueous extract on sesame and corn.
This study exhibited the allelopathic activity of various solvents on the germination and growth parameters of selected weeds. Overall, the activity of R. stricta extracts was found concentration dependent. Wardle et al. (1992) reported a concentration dependent inhibition of radical, plumule growth and seed germination for some weeds by R. stricta extract. Besides, Alam (1990) and Bora et al. (1999) also observed concentration dependent inhibition of plumule length by R. stricta extract. Another study revealed that there was significant reduction in germination, radical and plumule length of Z. mays by R. stricta extract (Zackrisson and Nilsson, 1992) . El-khawas and Shehata (2005) stated that the inhibitory effect of allelochemicals on seed growth due to changes in enzyme activities that affect the transport of storage substances.
Our results revealed that R. stricta methanolic leaf extract imposed significant inhibitory effects on the germination and growth parameters of all the tests weeds. The findings of current study confirmed the earlier findings on cowpea and rice plumule, radicle length and germination that were significantly checked with increasing concentration of R. stricta methanolic leaf extract (Jadhar and Gayanar, 1992 Suppressive effect on plumule length and seed germination was also described by Tefera (2002) and Siddiqui et al. (2009) . These findings were in accordance to previous studies who stated that R. stricta leaf extract reduced growth of weeds species (Maciel et al., 2003; Kaul and Bansal, 2002) . Germination response of various field crops varies in the presence of R. stricta leaf extract that confirms our observation of the differences in germination response of tested species. Several studies demonstrated the allelopathic potential of Parthenium hysterophorus (Tawaha and Turk, 2003) , Brassica nigra (Singh et al., 2003) and Raphanus raphanistrum (Batish et al., 2002) .
The leaf extracts were more toxic and more allelopathic in nature owing to relatively higher inhibitory potential in contrast to other plant parts (Hussain and Gadoon, 1981; Norsworthy, 2003) . Similar allelopathic effects were reported from other plants (Inderjit and Duke, 2003; Hussain et al., 2011) .
Conclusion
This study was aimed at evaluation of allelopathic potential of R. stricta against some noxious weeds of wheat crop by using aqueous, hexane and methanolic extracts on filter paper and soil. The results revealed that methanolic extract highly reduced seed germination percentage of C. album, P. minor and R. dentatus. The same extract caused significant radical and plumule length reduction of R. dentatus and A. fatua. Based on the results, it can be concluded that R. stricta showed good allelopathic activity that may be used in future herbicide screening program prior to launch in the market.
